The expansion of science into fields requiring quantitative analysis of highly variable data has led to an increasing utilization of statistical technique. Engineering is no exception. The constantly widening use of portland cement mortar in highway, bridge and building operations has resulted in a desire for a more intinate knowledge of the effect, on its breaking strength, of the different elements entering into this mortar. Such a demand has lead directly to the necessity of a statistical analysis of the problem as the factors pertaining to it are all highly variable. Among these variables may be mentioned the size and the geological character of the sand, the strength of the cement both in and of itself and with a standardized sand, the personal equatiQn of the operator making the test and the variability not common to two specimens made from the same materials. All of these problems and more require statistical treatment in their analy-S1S.
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The problem dealt with in this paper is the problem of the relation of the breaking strengths of mortars cured seven days and twenty-eight days. The present mortar testing regulations have established these two tests. The twenty-eight day tests are taken as final. The engineer, times innumerable, wishes for a more intimate understanding of the relation be tween the breaking strengths of the seven-day and the twenty-eight-day specimens such that he can with safety utilize his material on the basis of the short time test. A desire to solve this problem has led to the analysis here presented on data for 478 Maine sands in tension and 166 Maine sands in compression. Throughout all of the work the tests were performed by experienced operators following the standard A. S. T. M. procedure. The relation between the 7-day and the 28-day tests in tension is shown in The data surrounded by the circle indicates the specimens showing less strength at the end of 28 days curing than was found in the specimensof the same mortar cured 7 days. All sands in this table pass the colorimetric test for organic impurities. The table indicates simply normal variability of such sands and the fact that occasionally it is possible under such conditions to have 7-day specimens which will give higher breaking strengths than the other briquettes of the same sample cured 28 days.
The tables for data on tensile ratios, compression, and compressive ratios are not shown for lack of space. From the analyses of the data, however, a table may be formed presenting the interrelations of the respective 7-day and 28-day tests. Table II shows these results. Table II brings out some significant points with regard to the average 7-day and 28-day tests. It will be noted that the 7-day specimens in tension have on the average 67 pounds less breaking strength than the 28-day specimens made from the same mortar. For compression the average of the 7-day specimens is 1194 pounds less than the average of the 28-day specimens. In the Ottawa ratio the 7-day tensile ratio is on the average 8% higher than the 28-day tensile ratio. In the face of these figures it might be concluded that a cement with Ottawa sand sets up more slowly than does the same cement using a well graded sand even though the sand may be composed of quite different percentages of particles of different sizes. This conclusion is not borne out by the compression results, however, as the mean 7-day compressive ratio is 96% whereas the mean 28-day compressive ratio is 98%. These The standard deviations for the tensile ratios at 7 days and 28 days are practically the same, the percentage of variation for the 28-day test is slightly greater although here again the difference is undoubtedly not significant. Similarly the standard deviation of the 7-day compressive ratio is somewhat larger than that for the 28-day compressive ratio. The coefficient of variation of the 7-day compressive ratio is also larger than that for the 28-day compressive ratio. These differences are perhaps significant in view of their probable errors indicating a slightly less variation of the 28-day compressive ratios.
The correlation coefficients for the 7-day and 28-day tests are all large values indicating a fairly close relationship between the 7-day and 28-day tests. This relationship is greatest for the tension and compression on the commercial sands. The relation is also nearly as great for the 7-day and 28-day tensile ratios. For the compressive ratios the value of the correlation coefficient is less, in fact significantly less than those found for the other tests. This difference would appear to trace back to the relation of the 7-day and 28-day Ottawa tests, as the correlation between the 7-day and 28-day compressions on commercial sands is as high as any of the others tabulated. This point will be considered further when the data on cements are analyzed.
With the constants given in table II it is possible to form the suitable prediction equations to determine the 28-day strength from that found in the 7-day test. These equations are shown below.
28-day Tension = 51.5 + 1.06 (7-day Tension) 28-day Tensile Ratio = 5.6 + 0.87 (7-day Tensile Ratio) 28-day Comhpression = 793 + 1.128 28-day Compressive Ratio = 50.7 + 0.49 (7-day Compressive Ratio) From the equation given above it is possible to predict as accurately as the data will allow, the 28-day strength from the specimens cured 7 days.
The correlation coefficients are in general so high that this prediction may be made with fair accuracy. To check the accuracy of this prediction the writers took an independently determined series of 97 tests in tension and tensile ratio and applied the prediction equations to them. It was found that on the average the prediction was 13.4 pounds more for the 28-day test in tension than that actually obtained. The average error without regard to sign was 39 pounds. For the tensile ratio the average prediction was 3.6 per cent less than that actually obtained and the average error without regard to sign was 10.8 per cent. For compression and compressive ratio a series of 61 independently determined sands was available. For the specimens in compression the predicted value of the sand at the 28-day test as determined from the 7-day test was 272 pounds less than that actually obtained. The average error without regard to sign was 628 pounds. For the tensile ratio the prediction of 28-day value was on the average 2.6 per cent less than that actually obtained and the average error without regard to sign was 15.1 per cent. As might be expected from the fact that the compressive ratio shows much less correlation between its 7-day and 28-day test specimens, the error of prediction is greater in this particular series of data. On the whole, however, the prediction is fairly accurate. It is also to be remembered that the 28-day tests are not in themselves final because of the variability between the breaking strength of specimens in the same sample although cured for the 28-day period. In view of these facts it is entirely reasonable to predict the 28-day test from the 7-day test results and use them in practical mortar work.
The problem of mortar testing also takes this form. In reporting a predicted 28-day test the engineer desires to be sure that the actual 28-day test will certainly be above a definite lower limit in its strength. It is then the low limit of test likely under given conditions which the operator would like to know. The determination of such a limit involves the determination of the variation of the actual 28-day test when the 7-day test is a fixed value. The variation is given, according to the theory of error, by the standard deviation of the 28-day test times the square root of 1-r2. The information for this calculation is given in table II. However, on examining our independent series of data it is found that an average Lexian ratio of 1.3 exists. In other words as a practical prediction the theoretical standard deviation of the test should be increased by multiplying it by 1.3. When such a procedure is adopted the lower limit of breaking strength above which a certain percentage of the 28-day test results would be found is that shown in table III. From In way of conclusion it may be said that the results of this study indicate that the factors determining the strength of mortar at the end of the 7-day period of curing compared with those determining strength at the end of the 28-day period of curing are sufficiently alike to make possible the prediction of the 28-day breaking strength from the 7-day breaking strength. The error of such a prediction is on the whole not excessive.
SKEW-GROWTH CURVES'
By RAYMOND PZARL AND LOWZLL J. RiUUD SCHOOL or HYGIENE AND PUBLIC HEALTH, JOHNS HOPKINS UNIVERSITY Read before the Academy November 12, 1924 In an earlier paper2 we have pointed out that if, in the general growth curve k 1 +mealx + a2X + ax3 + ......± +a (1) the exponent of e be cut off at the cubic term, appropriate values of the constants will give a single cycle growth curve which is unsymmetrical or skew about the point of inflection. We gave by way of illustration a theoretical case of such a skew-growth curve, but have not hitherto published any ex-
